Background: Parathyroid hormone-related protein (PTHrP) is a ubiquitous and highly conserved vasoactive peptide whose role and regulation in normal physiology remain an enigma. Recently, we demonstrated that lowdose endotoxin (LPS) induces intrasplenic, but not systemic, levels of PTHrP; and that tumor necrosis factor, a pro-inflammatory cytokine, is the major mediator of this effect. We have therefore hypothesized that, with higher, lethal doses of endotoxin, PTHrP could be induced in multiple tissues to such a degree that it could contribute to the lethality of septic shock. Materials and Methods: Northern blot analysis was used to measure PTHrP mRNA levels in vital organs of rats after administration of a near lethal dose (5 mg/250 g) of LPS (or vehicle alone). Plasma levels of PTHrP were also measured by immunoradiometric assay. The ability
INTRODUCTION
With the identification of parathyroid hormonerelated protein (PTHrP) in the late 1980s, the search for the parathyroid hormone (PTH)-like mediator of hypercalcemia of malignancy ended and a new search began to determine the role and regulation of this ubiquitous and highly conserved peptide in normal physiology. While sustained elevations in circulating levels of tumor-derived PTHrP cause hypercalcemia of malignancy via interaction with PTH/PTHrP recep-tors in classic PTH target tissues (kidney and bone), circulating PTHrP is barely detectable in normal individuals (1, 2) . However, both PTHrP and the recently cloned PTH/PTHrP receptor are widely expressed in normal tissues, thus suggesting that PTHrP normally acts at its site of production in a paracrine or autocrine fashion more akin to cytokines than to classic hormones, such as PTH (1) (2) (3) .
Recently, we reported that PTHrP gene expression is stimulated in the spleen during the host response to sublethal doses of endotoxin (lipopolysaccharide, LPS) (4) . Tumor necrosis factor (TNF), an important pro-inflammatory cytokine, mediates LPS induction of splenic PTHrP 205 (4) . Other cytokines also modulate splenic PTHrP expression (4, 5) . These studies provide evidence that complex cytokine networks may regulate local PTHrP expression and suggest that PTHrP may play a role in the host response to inflammation and infection.
The injection of a lethal dose of endotoxin (1000-fold higher than doses used in our earlier experiments) can be used to model sepsis, a systemic inflammatory response to overwhelming infection by gram-negative or other bacteria (6) (7) (8) . Although the precise cause of death from sepsis is unknown, hypotension is a hallmark of lethal endotoxemia (6) (7) (8) . Alterations in vascular hemodynamics are also thought to contribute to the multisystem organ failure that accompanies septic shock (6) (7) (8) . The important role of cytokines in mediating the lethal effects of septic shock is well established. For example, the decrease in systemic vascular resistance (due to vasodilation) that occurs in septic shock also occurs in response to TNF, a cytokine that is transiently induced after endotoxin administration (6) (7) (8) (9) , and passive immunization of mice with antibody directed against TNF protects from the lethal effects of endotoxin (10) .
PTHrP is also a known vasodilator that can be produced by and cause relaxation of smooth muscle cells (11) (12) (13) (14) . In addition, our earlier low-dose endotoxin studies showed that smooth muscle cells were the source of LPS-induced splenic PTHrP (15) . Because a decrease in vascular resistance is seen both systemically and locally within organs during lethal endotoxemia, we hypothesized that acute elevations in local and/or systemic levels of PTHrP during sepsis could contribute to the lethal effects of endotoxin. To test this hypothesis, we investigated PTHrP gene expression in rats treated with a near-lethal dose of endotoxin. In addition, the ability of PTHrP neutralizing antibody to protect from LPS-induced death was also studied.
MATERIALS AND METHODS

Materials
Escherichia coli, strain 055:B5 endotoxin was obtained from Difco Laboratories (Detroit, MI, U.S.A.). The murine PTHrP complementary DNA (cDNA) probe, which includes the region encoding amino acids (Fig. 1A) , followed by heart (1.5 hr) (Fig. 1B) and kidney (2 hr) (Fig. IC) . Induction of hepatic PTHrP mRNA was even more delayed, increasing throughout the 3.5 hr following LPS treatment (Fig. 1C) (Fig. 3A) . The protective effect of PTHrP antibody was also confirmed by studies utilizing antiserum raised in rabbits against PTHrP(I-34) (p < 0.004) (Fig. 3B) .
While comparison of survival curves showed that PTHrP antibody provided a significant protective effect from LPS-induced death over the 3 (Fig. 4) (4, 5) . These studies add a new dimension to the current view of PTHrP as a cytokine, suggesting that PTHrP may in fact be one additional member of the cascade of cytokines induced during the host response to infection and inflammation.
We previously found that splenic stromal cells, including smooth muscle cells, are the source of splenic PTHrP; and that mRNA for both PTHrP, a vasodilatory peptide (11) (12) (13) (14) , and the PTH/PTHrP receptor colocalize within the splenic stroma (15) . These data suggest that PTHrP may be mediating smooth muscle relaxation at its site of production in the spleen during the host response to infection. Given the important role Accompanying the induction of PTHrP gene expression in multiple vital organs, circulating levels of PTHrP were also increased at an early time point during lethal endotoxemia. Similar acute, but transient, increases in circulating peptide levels have also been reported for other important cytokine mediators of the host response to endotoxemia, such a TNF (9) .
Having thus documented that PTHrP induction occurs both locally and systemically during endotoxin-induced sepsis, antibody protection studies confirmed our hypothesis that PTHrP contributes to the toxic effects of endotoxin; pretreatment with goat or rabbit antibodies directed against PTHrP (1-34) prolonged survival in mice injected with a lethal dose of endotoxin. Antibody blockade experiments, similar to those presented here, have previously shown that several other cytokines, such as TNF, interleukin-1, macrophage inhibitory factor and interferon--y, are also mediators of the lethal effects of endotoxin (10, (22) (23) (24) (25) (26) . The fact that passive immunization against PTHrP delayed, but did not ultimately prevent, LPS-induced death is consistent with the hypothesis that PTHrP is one member of a larger cascade of pro-inflammatory cytokines that is unleashed during the host response to infection. Indeed, the degree of protection from LPS lethality seen here with passive immunization of mice against PTHrP is similar to that reported for passive immunization of mice against TNF, a cytokine that is a major mediator of sepsis (10) . 
